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in the absence of ischemia, mimic the cardiopretective effect of precondi- 
tioning. To test this theory, 16 dogs undemtent 1 h of sustained CO and 4 
h of repertusion: 8 received 15 rain i.c. Ca (20 raM) followed by 10 rain of 
washout before CO, while 8 controls received an equivalent i.c. infusion of 
saline. Coltatarel blood flow was measured during CO using radiotabeled 
microspheres, and area of necrosis (expressed as a % of the myoca,-dium 
at dsk: AN/AR) was delineated by tetrazolium staining. Infusion of 20 mM 
Ca did not elicit an inotropic response: hemodynamics were similar in both 
groupS. Mean infarct size in the saline contmts was 20 ± 5%. In contrast, 
AN/AR was reduced to 9:1: 3% with i.c. Ca [cempamble to the values of 
5--8% obtained with ischemic preconditioning inour canine modal], with the 
greatest protection seen in dogs with the lowest coflatersl blood flow during 
CO. 
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These results support he concept hat preconditioning may be mediated 
in part by brief calcium overload. 
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J "~ '~ ACE Inhibition During Healing After Myocardial 
Infarction In the Dog Limits Non-Infarct Myecardlal 
Hypertrophy and Impairs Infarct Collagen 
position. Does That Matter? 
Bodh I. Jugduft, Mohammad L Khan, Gordon E. Blinsron, University of 
Alberta, Edmonton, Alberta, Canada 
Angiofensin-convertfog-enzyme (ACE) inhibition limits left ventdcutar (LV) 
dilation and improves urvival after myocardial infarction but also blocks 
myecyte and fibmblast growth which might limit compensatory hypertro- 
phy and impair infarct collagen deposition. The effects of ACE inhibition 
(enalapfil 2.5 mg b.i.d., captopnf 50 mg b.i.d.) on in vivo changes in LV mass 
and function (two-dimensicnal echosardlogrephy) and postmortem collagen 
(hydroxyproline mg/g dry tiSsue) and scar strength were measured after 
infarction (trensmural model) in chronically instrumented dogs (65 ACE in- 
hibition; 202 placebo). Compared to placebo in 6 week survivors, both ACE 
inhibitors decreased preload and afterload, limited the increase in LV dias- 
tolic volume (-1.5% versus +51%, p < 0.001) and LV mass (-3% versus 
+13%, p < 0.655), improved LV systolic function (p < 0.651) and decreased 
postmortem infarct collagen (27 :l: 3 versus 45 :l: 3 rag/g, p < 0.001), LV 
stiffness and rupture threshold. However, infarct collagen was higher and LV 
systolic function better with captopnf compared to enalapril. Greater inhibi- 
tion of infarct octtagen with enalapnf was evident hroughout the 6 weeks. 
Deaths over 6 weeks correlated with greater infarct size, larger LV volume, 
more LV dysfunction and tower infarct collagen, Thus, differential effects of 
ACE inhibition on infarct collagen and LV mass might influence outcome of 
postinfamt rsmndaling. 
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i 783-4 i The Role of Angiotensln II In Ischemic 
Preconditioning: Protection Is Mediated by 
Anglotensin II and Can Be Inhibifad by Anglotsnsin 
II Receptor Blockade 
Ernst R, Schwarz, J0rgen vom Dahl, Karl-Christian Koch, Heicdch G. Kluas, 
Peter Hanrath. Med. Clinic I, RWTH Aachen, Germany 
Angiutensin it (ANG) is known to be one of the most potent vasoconstrictors 
and has been shown to stimulate satecholamlne release, The effects of ANG 
and its blockade were tested in an open-chest pig model of Ischemic precon- 
ditioning, Control animals (group 1) received 60 rain occlusion (CO) of the 
LAD followed by 120 rain reperfualon (REP). Preconditioning was performed 
by twice 10 rain CO followed by 30 rain REP followed by another 60 mln 
CO and 120 rain REP (group 2). ANG was administered (480 ng/kg/h IV) 
before 60 rain CO and 120 min REP (group 3) without previous precondi- 
tioning. In group 4, the nonpeptlde anglotenaln it-receptor blocker EXP 3174 
(C~H~I Ci~ NsO2) was administered (1 mg/kg IV) before ischemic precondi- 
!ioning and 60 rain CO and 120 rain RER Throughout the experiments, lelt 
ventdcular pressure (LVP) was monitored, and regional segment shortening 
(%SS) was measured by ultrasonio Wstals in the LAD supplied area, Infarct 
size was expressed as % of the risk area (in % of the left ventricle) after 
incubation in p-nitrebluetetrazolium. LVP end %SS are given before 60 rain 
CO, in groups 2 and 4 representing stunned myocardium after twice 10 mir~ 
CO. 
Group: n - Risk area Infarct area L',';~ %SS 
1, control 7 15.1 --+.6.6 64.3 ± 2,¢ 87.8 ± q.8 23.7±6.8 
2,preconditioning ? 19.4±6.9 36.6±5.5 ° 80 ±17.3 15.8±5.3"" 
3,ANG 5 13.3±6.8 25.3±7.5* 92.7±24 25 ~:4.9 
4: EXP 3174 5 14.7:1:4.8 53.8:1:23.4 88.7:1:18 17.8±5.2 ÷ 
*p < 0.05 vs groups I and 4, +p < 0.05 vs groups I and 3). 
Angiotensin II administration mimicks the infarct size limiting effect of pre- 
conditioning without affecting contractile function. In contrast, the angiotensin 
II receptor antagonist EXP 3174, given before the onset of ischemia, abol- 
ishes the protective ffects of ischemio preconditioning. 
11:30 
~ Time-Course of Right Ventdcular Remodeling After 
Expedmentsl Myocardial Infarction In Rats 
Peter Gaudron, Kal Hu, Marc Kuban, Franz Totlmann, Wolfrsn Weiss, 
Daniela Fraccarollo, Georg Enf. IL Med-Klinik, Klinikum Mannheim der 
Universit~t Heidelberg, Germany 
increased right ventricular (RV) weight in chronic large myocardial infarction 
(MI) indicates RV hypertTOphy fctlowing overload sesondary to left ventdcular 
(LV) dysfunction. Sequential changes in RV volume and hamedynamics and 
their relation to LV hemodynamics during chonic MI have not been studied. 
We measured LV and RV hemodynarnics and volumes in rats with large 
infarct size (44.--45% of LV) 4 and 8 weeks after MI (n = 7, each group). LV- 
and RV-systolic (LVSP, RVSP, mmHg) and end-diastolic pressures (LVEDP, 
RVEDP, mmHg) were recorded by microtip manometer. Cardiac index (CI, 
ml/min/kg) was measured by an electromagnetic f owmeter. LV and RV vol- 
umes (mt/kg) were derived from complete passive pressure-volume r lations 
of left and right ventricles, LV and RV end-diastolic wall stress (WS) estimated 
by (volume x pressure)hNeight (rot x mmHg/g) of left and right ventricles. 
Results: LV dysfunction and dilatation at unchanged LV weight resulted in 
increased LVED wall stress. Increased RV weight at unchanged RV volume 
decreased RVED wall stress. Since RV hypertrophy occurred at unchanged 
volume and hemodynamics of RV, signals for early RV remodeling may be 
triggered by other factors than by hemndynamic stimuti. 
Sham MI-4 weeks MI-8 weeks 
LVSP 133.~-6 116±5" 114~:3" 
LVEDP 5.7:1:0.4 12.1 :i: 2.2* 20.7 :l: 3.6" 
RVSP 394-3 39±3 37-~7 
RVEOP 4.4 ~ 1.0 3.8 ± 0.8 2.5 • 0.5 
Cl ~06d:8 lss~ 13 154± 14" 
LV Volume 0.79 :f: 0.08 1.08 -;- 0.10 1.53 ~ 0.29* 
RV Volume 0.84 :t: 0.11 1.08 + 0.10 1.11 :l: 0.28 
LV/1BW 2.19±0.ce 2.33±0.13 2.28"~- O.ce 
RV/BW 0.52±0.02 0.54±0.07 0.82±0.10" 
LVED WS 2.52-1-0.45 6.SS± 1.72" 15.48~ 6.31" 
RVED WS 8.19:t:2.95 7.75±2.55 4.36~ 1.66 
Mean ± SEM, *P < 0.05 vs Sham, 
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~ - ~  Blockade of  Na÷/H * Exchange During Met=Ix)lie 
Inhibition Prevents Reoxygenatlon4nduced 
Hypercontmcture in Isolated Cardiomyecytes 
M~SSl Ruiz-Meana, David Gacla-Ooredo, Ma~dta Juli;t, Javier Inserte, 
Miguet A. Gonz~l~., Jos6 A. ~ ,  J. Soler-Soler. Hosp/ta/ Genera/ Vail 
d'Hebren, Barcelona, Spain 
Although Na+/H + exchange inh~itom administered before ischemia I~ve 
a beneficial effect against myocardial necrosis, their mechanism of ac~on 
remains contmvemial. The aim of this study was to determine the contn- 
bution of Na+/H + exchange during anoxla and during reoxyganstion to cell 
death. Adult rat myocytas were incubated in glucose*free HEPES buffer and 
submitted to transient metabolic inhroition (MI, NaCN 2 raM) and to 5 rain of 
reoxygenation (R) with hypoesmctic (80 mOsm) HEPES buffer. Art buffers 
were adjusted to pH = 7,4. The effect of adding the novel and highly selective 
Na+/H + exchange inhibitor HOE642 (7/~M) to the MI or the R buffers was 
analyzed. After 60 mln of MI rigor confmcture was pmsant in 76.8:1: 4.0% 
of cells in the absence of the inhibitor, and 39.6 • 4.3% in its presence (p 
< 0,01). R Indu(~d hypemontracturo of virtually all ceils with rigor, indepen- 
dently of the presence or absence of HOE642 in the MI buffer, The number of 
hypercontracted cells after R wee 77.1:1: 2,3% in the control group and 46.3 
± 4,0% in the group treated with HOE642 during MI (p < 0.01), and LDH 
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release was 2.8 =1:0.4 and 1.1 -,~ 0.1 U/pg protein respectively (p < 0.0t). 
The presence or absence of HOE642 in the R buffer did not affect the rate 
of hypercontracture induced by R after 40 rain of MI (75.2 4- 2,9 and 62.2 4- 
2% of hyperContrected cells in the control and HOE642 group respectively 
(p = NS)), nor did influence LDH release (p = NS). Conclusion: 1) Severe 
acidosis induced by ischemia is not a prerrequiste for harmful Na+/H + ex- 
change during energY deprivation. 2) Inhibition of Na+/H + exchange dudng 
energy deprk'ation, but not dudng reoxyganatfon, protects rcyecytes against 
reoxygenation I jury. 
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~ Blocking Endogenous Hap 72 the Increase in 
Increases Susceptibility to Hypoxle and 
Reoxygenation in Isolated Adult Feline Cardloc, ytes 
Masayuki Nakano, Douglas L. Mann, Anne A. Knewlton. VA Medical Center, 
Houston, Tx; Baylor College of Medicine, Houston, "Ix 
Heat shock protein (HSP) 72 is a ubiquitous protein rapidly induced in re- 
sponse to ischemia, and thought o constitute an endogenous protective 
response. Previously, work has focused on the protective effects of overex- 
press[on of HSP 72. We wanted to test the hypothesis that prevention of the 
normal physiological increase in HSP 72 that occurs in response to stress 
would be deleterious; thus showing that the endogenous response in cardiac 
cells is an important line of defense against injury. Adult, feline cardiocytas 
were treated with a 14 mar phosphomthloate antisense (AS) to HSP 72, 
and exposed to mild (8 h) or severe (12 h) hypoxia. AS treatment converted 
mild injury to severe injury, as evidenced by an increase in LDH release, 
a decrease in MTT uptake, and a decrease in '=/,,live cells compared with 
control cells and cells treated wlth the complementary sense sequence. With 
severe hypoxia, there was less difference among groups, though indices of 
injury were wome for the AS treated cells, A 40% decrease in HSP 72 levels 
was seen in AS treated cells after hypoxta compared to control calls. A dose 
response study with 10 to 50 ug of antisense showed no further eduction of 
HSP 72. We conclude that: 1) Down-regulation of the endogenous, stress- 
induced increase in HSP 72 with AS increases the susceptibility of adult 
cardiac myocytes to hypoxic injury; 2) HSP 72 is an important part of the 
cardiac response to hypoxia and reoxygenation. 
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F7"~'.-"2"~ Dose Ischemle Preconditioning Attenuate 
Myocardial Dysfunction During Hibernation and 
Reperfusion? 
Ulrich Sunderdlek, Stefan Tuschen, Uwe Schwanke, 
Stmone Schmitz-Spanke, Jochen D. Schipke. Inst. of ExperimentalSurgery,, 
Univ. of Dgsseldorf, Germany 
The protective ffect of ischemic preconditioning (IP) in reducing infarct size is 
well established, however, whether IP can attenuate myocardial dysfunction 
dudng coronary hypoparfusion (= hibernation) and reperfusion is unknown. 
Therefore, the effects of IP dudng 30 rain of coronary hypoperfusion {HYP, 
CPP = 30 mmHg) and following repeffuslon (Rep, CPP = 90 mmHg) were 
investigated on isolated, sailne-~rlused rabbit hearts. In two series (n = 8), 
with and without IP (3 rain no-flow and 8 rain reperfuston) LVPmax (mmHg), 
dP/dtmax and dP/dtmin (mmHg/s) and MVO2 (~1/1 gO g/bast) were assessed. 
Results: The effects of HYP were similar in both sedes, whereas in the IP- 
group, recovery dudng Rep was significantly improved. 
LVPn~x dP/dtmax dPIdtmirl MVO2 
C1rl 101:1:11 1420 ~230 -1270:1:150 32.2±5.4 
HYP 78 -4- 9 980 ~ 170 -930 d: 170 23.7.4. 5.4 
Rep 80 ::1:16 1070 ~ 220 -960 :t: 220 25.6 :E 6,6 
Clrl 121~13 19S0.4-170 -1480±130 58.S~ 10.4 
|PHYP 80-~: 11 1040±120 -1030±130 30.2:t: 4,6 
Rap 111:1:13" 1800±210" -1440~ 110, 50.6:~ 6.1" 
mean ± SEMi "p < 0.05 vs. HYP 
To investigate the possible underlying mechanism of this protective ffect 
dudng Rep, the Al-antagonist DPCPX (5 ~M) was administered before the 
3 rain no-flow in a third sedes (n = 7). Recovery in this group was less 
pronounced compared to the IP-group (LVPmax reached 88% of control, 
dPtdtmax 74%, dPldtmtn 78% and MVO2 77Yo). Conc~usions: IP provides a 
protective ffect by attenuating ventdcular dysfunction dudng reperfusion af- 
ter coronary hypoperk¢!on. This protective ffect, at least in part, is mediated 
via adenosine-A1-recep~om. 
H '00  
F7~--'3-~ Repetitive Exercise-Induced Isehemla in Patients 
With Stable Angina Causes Cumulative and 
Prolonged Left Ventricular Dysfunc.tlon Due to 
Myocardial Stunning 
Chdstopher Rinaldi, Andr~ Links, Navroz Masani, Roger Hall. University 
Hospital of Wales, Cardiff, Wales, U.K. 
We have previously shown that myocardial stunning causes persistent left 
ventdcular (LV) dysfunction after exercise-induced ischemia. To determine 
the effects of repeated exeroise-induced isehemia on LV funCtion we studied 
12 patients (mean age 62 "4- 5 yearS) with stable angina and angingraphicelly- 
proven coronary disease. Each underwent 2 consecutive symptom-limited 
treadmill tests, one hour apart. Quantitative chocardiographio assessment 
of systolic and diastolic LV function (ECHO) was performed at baseline and at 
regular intervals after each exercise test. Results: Heart rate, btcod pressure 
and ST changes returned to baseline within 10 mine of exercise in all cases. 
There were no differences between the 2 tests in exercise duration (328 
164 vs 334.4-154 sacs)° maximum ST depression (2.1 4-1 vs 1.9 =t: 1.1 ram) 
or incidence of chest pain. ECHO data (mean ± s.d.) are as follows [SF = 
shortening fraction in the ischemic region (%), EF = ejection fraction (%), IRP 
= isovo[urcic relaxation podod (ms)]. 
Exemise test 1 Exercise test 2 
pro 30' post 60' post 30' post 60' post ,9 h post 4 h post 
SF 3.3=E0.5 1.7-~0.0 • 2.4:E0.7 1~3~1.01" - 2.4±1.1" 3.4~0.8 
EF $6-~7 49±12" 53~9 45:t:11" - 51 ~7 56:1:8 
~RP "~00:~2 "P~8:i:~3* 116:~9 125~t0~" 1~.3±12t ' l8d:14" 't00::EII 
tp .~ 0.01 vs pm exercise; *p < 0.05 vs pro exemise 
In concordance with previous observations, exercise-induced stunning 
was charactodzed by impaired regional and global contractile function and 
impaired (prolonged) early relaxation. These changes were more severe and 
prolonged after the second exercise test, despite similar indices of iechemla 
and exercise performance. We conclude that repeated exercise-induced 
ischemia causes cumulative LV dysfunction due to myocardial stunning. 
11:15 
Relative Contr ibut ions o f  Coronary Perfuslon 
Pressure and Inorganic Phosphate In Mediating 
Contractile Dysfunction Ouring Mild Coronary Flow 
Reductions 
Masami M!yamas, S. Albert Camacho, William O. Rooney, Michael 
W. Welner, Vincent M. Rgueredo. UCSF, San Francisco, CA 
Reduced coronary flow (~.CF) decreases contractility. Previous studies sug- 
gest that intr~cellular Inorganic phosphate (PI) (and not calcium, pH or ATP) 
is art important mediator of decreased ¢ontactility during mild $CF. However, 
the role of decreased coronary perfuslon pressure (CPP) remains uncertain. 
To determine the relative contributions of CPP and Pi In mediating contractile 
dysfunction dudng ,~CR the relationship between developed pm,:sure (DP) 
and PI was compared uring ,I.CF (decreased CPP) and hypoxia (CPP un- 
changed). Perfused rat hearts were subjected to: 1) mild graded J.CF (100- 
50% CF, n = 12), or2) graded hypoxla {100--4~ 02, n = 11) In the presence 
of ledoecetate (IAA) to attenuate changes in pH. 31P-NMR studies showed 
no decrease of pH or ATP dudng mild graded $CF or hypoxia. There was an 
inverse exponential relationship between DP and Pi dudng J~CF and hypoxla 
(ligure). 
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However, the exponential constant was ~50"/= greater during 4.CF vs. 
hypoxla (0.09 fur ,~CF; 0.04 for hypoxla). Since decreased CPP was the 
major difference between $CF and hypoxla pmtocots, these data suggest 
